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ABSTRACT 

On September 20, 1963 t h e  Injun 111 s a t e l l i t e ,  at an 

a l t i t u d e  of 2350km, passed within close proximity of a balloon 

x-ray detector  at 35 km a l t i t u d e .  

L-shell  of t he  balloon, a marked cor re la t ion  i n  t h e  increases  

of f l u x  of t he  s a t e l l i t e  p rec ip i t a t ing  e lec t ron  E - > 40 keV 

de tec tor  and the  balloon x-ray E 2 30 keV de tec tor  i s  found. 

These r e s u l t s  place a lower l i m i t  of 430 km east-west extent  

of  the  mutually observed pulsat ion event. 

During a transit of t h e  



I. INTRODUCTION 

On September 20, 1963 Injun 111 s a t e l l i t e ,  carrying a 

l a rge  complement of electron detectors,  passed over North 

America near t he  L=5 magnetic she l l .  Under an unusual s e t  of 

circumstances, a balloon-borne bremsstrahlung x-ray detector  

was operating f o r  a port ion o f  t h i s  pass, and furthermore, 

both u n i t s  encountered a highly t ime-structured p rec ip i t a t ing  

e lec t ron  flux. Both detectors  saw similar p rec ip i t a t ion  t h e  

s t ruc tu re  during the  one-minute period surrounding the  transit 

of Injun I11 across L = 5.2 ( the  loca t ion  of t h e  bal loon) .  

These measurements made it possible  t o  s t a t e  a minimum s p a t i a l  

extent  i n  longitude f o r  which similar time s t ruc tu re  e x i s t  i n  

t h e  events, s ince the  s a t e l l i t e  and balloon were separated 

longi tudina l ly  . 
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11. INSTRUMENTATION 

The Injun I11 electron detector employed i n  these measure- 

ments described by O'Brien e t  al. [1964], was a type 213 Anton 

-2 Geiger counter with 1 .2  mg cm window thickness. It was c o l l i -  

mated t o  an 86" diameter f i e l d  of view giving a geometric f ac to r  

of 5 x cm2 s t e r .  The Injun I11 s a t e l l i t e  w a s  magnetically 

or ien ted  such t h a t  t h e  collimator axis of t h i s  180" detector  was 

continuously an t i -pa ra l l e l  t o  t he  l o c a l  geomagnetic f i e l d  l i n e  

i n  t h e  northern hemisphere, thus detect ing p rec ip i t a t ing  elec- 

t rons  with energies E - > 40 keV. There was a l so  a detector 

or ien ted  at 90" with respect  t o  the magnetic f i e l d  l i n e ,  observ- 

ing  trapped electrons.  The 90" detector was similar t o  the  

180" detector  but  had a 26" diameter f i e l d  of view and a geo- 

-2 metr ic  f ac to r  of 1.1 x 10 an2 s t e r .  Data samples were t e l e -  

metered at quarter  second in te rva ls .  

The balloon-borne detector ,  more f u l l y  described by 

Anderson and Milton [1964], was a 1/2" x 5" N a I ( T 1 )  s c i n t i l -  

l a t i o n  detector  with a 0.14 em-* Al entrance window. Pulse 

height  energy discrimination provided integral .  energy chan- 

n e l s  above 30 keV and 60 keV as well as  a window from 30 
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t o  60 keV. 

t a l l y ,  while rap id  response logarithmic analog c i r c u i t r y  was 

employed f o r  t he  other  two channels. The balloon w a s  measured 

The 30 keV i n t e g r a l  channel was telemetered d ig i -  

t o  be at 6.5 g 

the  ear th  during t h e  per iod of  the s a t e l l i t e  t r a n s i t  discussed 

herein.  The c r y s t a l  w a s  e s sen t i a l ly  uncollimated, and had a geo- 

metr ic  fac tor  of about 400 cm s te r .  

balloon provides a degree of energy dependent coll imation; s o f t e r  

photons a re  r e s t r i c t e d  t o  more nearly v e r t i c a l  incidence due 

t o  increased photoe lec t r ic  absorption at l a rge r  angles. For a 

t y p i c a l  photon energy of 40 keV, the  angular f i e l d  of view t o  

achieve ha l f  of t h e  v e r t i c a l  atmosphere transmission i s  about 

45". 

diameter at the  x-ray production layer ,  which i s  about 65 km 

above t h e  balloon. 

atmospheric depth, o r  about 35 km above 

2 The atmosphere above t h e  

This f i e l d  of view corresponds t o  a c i r c l e  of 130 km 
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111. OBSERVATIONS 

On September 20, 1963 a t  1530 UT Injun I11 passed over 

t h e  v i c i n i t y  of F l in  Flon, Manitoba, Canada (56" N. L a t . ,  

102" W. Long.) from which a balloon-borne x-ray detector  had 

been launced several  hours previously. The pos i t ion  of t h e  

s a t e l l i t e  was known t o  within -f 2 km, and t h a t  of the  balloon 

t o  within 2 15 km. Figure 1 shows a map of t he  t r a j ec to ry  of 

t h e  s u b s a t e l l i t e  point  and of the balloon pos i t ion  (which did 

not change s ign i f i can t ly  during the s a t e l l i t e  pass ) .  

e l l i t e  w a s  on a SW t o  NE course with a t r a j e c t o r y  which, when 

projected t o  the  same l a t i t u d e  and longitude a t  balloon a l t i -  

tude, passed within a horizontal  dis tance of 210 km f r an  t h e  

balloon a t  1 5 3 1 U T .  Figure 2 presents  t he  L-value of t he  

s a t e l l i t e  and balloon versus time, which was known f o r  both t o  

within 1 second. The s a t e l l i t e  a t  2350 km a l t i t u d e  crossed 

The sat- 

CL wls L = 5.2 s h e l l  t h i t  the ha1 loon  was on at 1529:04 UT. A t  

t h a t  time, t he  s a t e l l i t e  was on a p a s a l l e l  of l a t i t u d e  3.1" 

south of t h e  balloon l a t i t u d e .  This difference i n  l a t i t u d e  

i s  t h e  value t o  be expected when t h e  magnetic f i e l d  l i n e  

through t h e  balloon i s  extrapolated t o  s a t e l l i t e  a l t i t ude ,  as 

shown i n  Figure 1. 
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Examination of both s a t e l l i t e  and balloon records during 

the  period of c loses t  approach reveals  t h a t  both de tec tors  

observe microburst and pulsat ion time s t ruc ture .  These two com- 

ponents, which can be seen i n  Figure 3a, a re  cha rac t e r i s t i c  of 

aurora l  zone x-rays and the  causative p rec ip i t a t ing  electrons 

[Anderson e t  al., 1966; Oliven e t  al., 1967; and Oliven and 

Gurnett, 19671. 

s ive  events which can occur separately or i n  groups. Pulsa- 

t i o n s  have a longer time scale  of 5 t o  40 seconds duration or 

spacing. Microbursts a r e  of ten  organized i n t o  t r a i n s  having 

t h e  cha rac t e r i s t i c  5 t o  40 second p e r i o d i c i t i e s  of t h e  pulsat ion 

phenomena or can be superposed on the  pulsat ions,  as i s  t h e  case 

i n  t h i s  data .  The sa te l l i t e -ba l loon  cor re la t ions  described i n  

t h i s  paper concern the  pulsat ion phenomena. 

Microbursts a r e  the 0.1 t o  1 second long impul- 

For the  e n t i r e  per iod of the  c loses t  approach, t he  quarter  

second samples of t h e  Injun I11 180" prec ip i t a t ing  electron 

detector  were c0rnpai.t.d v i th  bstk the n n ~ l o g  and d i g i t a l  records 

of t h e  balloon x-ray detector,  p lo t t ed  on t h e  same time scale .  

From 1528:40 t o  1529:50 there  were four pulsat ions i n  t h e  f l u x  

of p rec ip i t a t ing  electrons which coincided with s i m i l a r  

increases  i n  t h e  x-ray f l u x  data  from t h e  balloon. Figure 3 
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shows a two minute sample of s a t e l l i t e  and balloon data, includ- 

ing t h e  above in t e rva l .  The cor re la ted  segment contains t h e  

time 1529:04, which i s  the  exact time of t r a n s i t  of t h e  s a t e l -  

l i t e  p a s t  t h e  L-shell of t h e  bal.loon. No co r re l a t ion  w a s  found 

between t h e  balloon and s a t e l l i t e  records, e i t h e r  before o r  a f t e r  

t h i s  period of time. N o  cor re la t ion  was observed e i t h e r  a t  t h e  

time of geographic l a t i t u d e  t r a n s i t  o r  t h e  c loses t  s p a t i a l  sep- 

a ra t ion .  The balloon instrument ca l ib ra to r  operated during 

long i tud ina l  t r a n s i t ,  making it impossible t o  search f o r  any 

co r re l a t ions  at t h a t  time. 

To subs t an t i a t e  t h e  v isua l ly  observed cor re la t ion ,  a 

c ross  co r re l a t ion  ca lcu la t ion  was performed. Quarter second 

samples of t h e  balloon d i g i t a l  data from 1528:40 t o  1529:50 

were moved along with respect t o  t h e  s a t e l l i t e  d i g i t a l  data i n  

half-second s t eps  out  t o  1 minute e a r l i e r  and l a t e r .  

t h e  simple co r re l a t ion  coef f ic ien t ,  r, between corresponding values 

ir, th,e tvc re t s  cf ?n_t.n w a s  calculated: and t h e  r e s u l t s  a r e  pre- 

sen ted  i n  Figure 4. 

(which i s  exact time coincidence) corresponds t o  the  v i sua l ly  

observed pulsa t ion  cor re la t ion .  

21  seconds i s  due t o  the  approximate 20 second p e r i o d i c i t y  i n  both 

sets of data.  

Figure 3, and a l s o  appeared i n  autocorrelation ca lcu la t ions  per- 

formed separa te ly  on each s e t  of data. 

A t  each s tep  

The s t a t i s t i c a l l y  s ign i f i can t  peak near zero 

The o ther  s ignf icant  peak a t  minus 

This p e r i o d i c i t y  can be  seen i n  t h e  o r i g i n a l  da ta  i n  
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Pulsation p e r i o d i c i t i e s  can vary g rea t ly  from episode t o  epi-  

sode. The f a c t  t h a t  both s a t e l l i t e  and balloon instruments 

separately observe t h e  same -20 second p e r i o d i c i t y  fu r the r  

i nd ica t e s  t h a t  t h e  same event i s  being observed by both. 

The 90" detector records shown i n  Figure 3d r evea l  some 

of t h e  pulsa t ions  ind ica ted  i n  the 180" detec tor  and i n  t h e  

balloon data, although some of these a re  masked, as t h e  peak 

f l u x  i n  the  180" detec tor  i s  of ten  l e s s  than t h e  background 

f l u x  i n  t h e  90" detec tor .  Thus, although these  pulsa t ions  

and/or microbursts may be  present i n  t h e  90" di rec t ion ,  they 

a r e  masked by t h e  high background fluxes.  

While microbursts are c l ea r ly  seen i n  both de tec tors ,  

it i s  not  poss ib le  t o  demonstrate a one-to-one correspondence 

as w a s  done f o r  pu lsa t ions .  However, as shown i n  Figure 3a 

and 3b, many microbursts appear t o  occur i n  s imi la r  p rec ip i t a -  

t i o n  p a t t e r n s  during t h e  same time i n t e r v a l .  

t e r  s e c s ~ d  t b e  r e c s h t i m  o f  the s a t e l l i t e  data make comparisons 

with t h e  analog record d i f f i c u l t ,  t h e  width and percentage f l u x  

changes of many microbursts a r e  a l so  similar i n  t h e  two records. 

Although t h e  quar- 
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The absence of one-to-one microburst correspondence i n  

t h e  two records while t h e  vehicles  were separated by 6" i n  

longitude, (or  430 k m  a t  balloon a l t i t u d e )  i s  t o  b e  expected 

according t o  o ther  workers. 

reported by Brown e t  al. [19651 and T r e f a l l  e t  al. [19651, 

using bal loons separated by 150 and 300 km respec t ive ly  

i n  t h e  east-west d i rec t ion ,  p lace  t h e  microburst source 

region a t  about 200 km i n  extent .  

ment with multiple de tec tors  point ing t o  separate  20 km regions 

of t h e  production layer [Parks, 19673 places  t h e  microburst 

source region s i z e  at about 80 km. 

Simultaneous balloon s tud ie s  

A s ing le  balloon Ins t ru -  
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I V .  INTERPRETATIONS 

Due t o  the  guiding action of t h e  f i e l d  l i n e s ,  only e lec t rons  

t r ave l ing  within one gyro-radius of t h e  sa t e l l i t e -bo rne  detector  

can be detected by it. For a 100 keV electron at s a t e l l i t e  a l t i -  

tude, t h i s  gyro-radius i s  about 40 meters, making t h e  s a t e l l i t e  

e s sen t i a l ly  a point  detector  on the dis tance sca le  of t he  s a t e l l i t e -  

balloon spacing. The balloon-borne x-ray detector  can respond t o  

x-rays or ig ina t ing  within an approximately 130 km diameter c i r c l e  

above the  balloon, t he  exact value being dependent upon the  

photon energy. 

When the  s a t e l l i t e  made the  t r a n s i t  p a s t  t he  L-value of t h e  

balloon, t he  two were separated 430 km i n  longitude. 

went from 510 t o  370 km over the  time i n t e r v a l  of t he  observed cor- 

r e l a t ion .  On t h e  b a s i s  of the l imi ted  region of  v i sua l  cor re la t ion  

of the  two s e t s  of data (70 seconds) and t h e  computed correlat ion 

coe f f i c i en t s  during t h a t  time in te rva l ,  it i s  concluded t h a t  t h e  

cor re la ted  pulsat ion time s t ruc ture  ex is ted  a t  l e a s t  400 km apart  

i n  longitude on t h e  L=5.2 she l l .  Furthermore, s ince the  correla-  

t i o n  did not appear before 1528:40, nor a f t e r  1529:50, reference 

t o  Figures 1 and 2 shows t h a t  the l a t i t u d i n a l  extent of t h e  cor- 

r e l a t e d  p rec ip i t a t ion  was 250 km, o r  a range of 0.9 i n  L-value, 

for these observations.  

This value 
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There i s  only l imi t ed  evidence available from other  

sources concerning t h e  spatial extent of pu lsa t ion  events.  

Post-midnight data from aurora l  observation, ionospheric absorp- 

t ion ,  and magnetic bay measurements i nd ica t e  that  e lec t ron  pre-  

c i p i t a t i o n  general ly  i s  much more extended i n  t h e  east-west 

than t h e  north-south d i r ec t ion  [Brown, 19661. Time varying 

e lec t ron  p rec ip i t a t ion  events with time sca les  of severa l  

minutes have been observed i n  time coincidence over east-west 

d i s tances  of 1000 km by comparing balloon-borne x-ray detec- 

t o r  with ionospheric absorption data [ Barcus and Rosenberg, 

19651. However, on the  t i m e  sca le  of t h e  5 t o  40 second pul-  

s a t ions  being discussed i n  t h i s  a r t i c l e ,  Brown e t  a l .  [19651, 

us ing  simultaneous balloons,  f a i l e d  t o  see  correspondence at  

150 km separat ion i n  t h e  east-west d i rec t ion ,  while on another 

occasion d id  see co r re l a t ion  a t  100 km d is tance  i n  t h e  north- 

south d i rec t ion .  

The m r r e l a t * i o n  p e s e n t e d  i n  t h i s  a r t i c l e  thus i s  a 

new r e s u l t  showing t h a t  it i s  poss ib le  t o  have coherence fo r  

t h e  5 t o  40 second pulsa t ion  phenomena over east-west dis tances  

up t o  400 km. 

s ion  with two simultaneous balloons could be due t o  one of t h e  

The f a i l u r e  t o  observe t h i s  on t h e  previous occa- 



balloons not being within t h e  coherent region, as wel l  as t h e r e  

not always being coherent behavior of t h i s  extent.  

The balloon and s a t e l l i t e  saw similar time s t r u c t u r e  i n  

t h e  p r e c i p i t a t i o n  event while separated by 400 km. 

assumption i s  made t h a t  t h e  i n t e n s i t y  of p r e c i p i t a t i n g  e lec t rons  

was a l so  comparable a t  t h e  two locations,  it i s  poss ib le  t o  

check on t h e  consistency of these  da t a  by comparing t h e  observed 

and ca lcu la ted  e lec t ron  t o  photon production r a t i o s .  

I f  t h e  

The electron f l u x  values a t  each quar te r  second from 

1528:40 t o  1529:50 ( t h e  period of observed pulsa t ion  cor re la -  

t i o n )  were compared t o  t h e  x-ray f l u x  values 1 second l a t e r .  

The 1 second l a g  corresponds t o  the  peak co r re l a t ion  shown i n  

Figure 4. 

1 .5  f 1.0 X 10 

photon (em2 sec ster)- '  above 30 keV. 

The average r a t i o  between t h e  two f luxes  was about 

5 e lec t rons  (an2 sec ster)- '  above 40 keV per 

Theoretical  work on t h e  generation of x-rays from e lec-  

t r o n s  i n  t h e  atmosphere has been presented by Anderson and 

Enemark [ 19601 and Bhavsar [ 19611. The two-step determination 

c o n s i s t s  of f i r s t  cor rec t ing  t h e  x-ray spectrum observed a t  

balloon a l t i t u d e s  t o  t h a t  a t  t h e  production l aye r ,  considering 

pho toe lec t r i c  absorption i n  t h e  atmosphere, and t h e  second of 
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se l ec t ing  t h e  e lec t ron  spectrum which most near ly  produces t h e  

corrected x- ray  spectrum as determined by t h i c k  t a r g e t  brems- 

strahlung theory. Further d e t a i l s  and sample photon t o  elec- 

t r o n  conversion f a c t o r s  can be found i n  Anderson [1965]. 

r e s u l t s  can be  applied only approximately t o  t h e  present ba l -  

loon da ta  because two channels of energy information and an 

uncollimated c r y s t a l  allow only an estimation of t h e  photon 

spectrum and i n t e n s i t y .  Carrying t h i s  estimate through, t h e  

r e s u l t  i s  0.5 x l o 5  e lec t rons  (cm2 sec ster)-’  above 40 keV 

per photon (em2 sec ster)-’ above 30 keV, i n  approximate agree- 

ment with t h e  observed value. 

These 
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FIGURE CAPTIONS 

Figure 1. Injun I11 t r a j e c t o r y  at 2350 Km passing over a 
balloon launched from Fl in  Flon, Canada ( ~ = 6 ) .  
Correlated pulsa t ion  t i m e  s t ruc tu re  (5  
range) was seen between t h e  p r e c i p i t a t i n g  e lec t rons  

and t h e  bremsstrahlung x-rays during t h e  bracketed 

per iod.  

t o  40 second 

Figure 2. L-value vs.  time for the  two vehicles .  The pulsa- 

t i o n  cor re la t ions  were seen during t h e  L-value 

transit while t he re  was about 400 km longi tudina l  

separat ion.  

Figure 3. Two minutes of s a t e l l i t e  and bal loon data contain- 

i ng  t h e  cor re la ted  segment from 1528:40 t o  1529:50. 
Analog balloon data i n  P a r t  a i l l u s t r a t e  1-second 

microbursts and 10-second pulsa t ions .  Pa r t  b, 

showing quarter  second samples of p r e c i p i t a t i n g  

e lec t ron  flux, a l so  has microbursts and pulsa t ions .  

Only t h e  pulsa t ions  are  c l e a r l y  correlated.  P a r t  c 

i s  t h e  d i g i t a l l y  accumulated x-ray f lux .  

shows quarter  second samples of the t r q ~ e d  elec- 

t r o n  flux. 

Pa r t  d 

Figure 4. A c ross  co r re l a t ion  between the  s a t e l l i t e  and bal loon 

data i n  P a r t s  b and c of Figure 3. Pos i t ive  l a g  t i m e  
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Figure 4. 
(‘Ont respect  t o  the  s a t e l l i t e  data. The s t a t i s t i c a l l y  

s ignf icant  peak near zero (time coincidence) sub- 

s t a n t i a t e s  t h e  observed cor re la t ion ,  while t h e  one 

near minus 20 seconds i s  due t o  p e r i o d i c i t i e s  i n  

both data. 

represents  s h i f t i n g  the balloon data later with 
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